ON THE MAIN EQUATIONS OF ELECTRODYNAMICS 



N. N. CHAUS 

Abstract. Instead of a linear system of equations for a free electromag- 
netic field, we propose a nonlinear system of equations. The classical 
electrodynamics is preserved. There appeared solutions (the electromag- 
netic fields) having photon properties. The theory posits the vacuum is 
a physical medium. The most important problems of relativistic inter- 
action of interpenetrating mediums are studied. 



The Problem 

Before a photon was experimentally discovered, the classical electrody- 
namics was, at the same time, a theory of light. The locality and stability 
of photons have lead specialists to a perplexity, since solutions of electro- 
dynamics equations do not possess these properties. For this reason, the 
system of Maxwell's equations needed to be fixed by replacing it with a 
nonlinear system. This problem was not solved those days. It was a new 
science, the quantum electrodynamics, that should have saved the situation 
and explained the phenomenon of photon. But it did not solve the prob- 
lem, and it could not solve it, for again, the same linear equations as in 
the electrodynamics were used. As the result, a photon still remains nowa- 
days an unexplained, even mysterious object, and the theory is similar to 
the astronomy of Ptolemy, accompanied by obscure philosophical doxies and 
conjurations. 

In this work, the author comes back to the problem of existence of such a 
system of equations that would "admit" a photon. That is to say that the 
author believes that the quantum theory is also not flawless. 

Solution of the problem 

The system we are looking for comes just immediately if we will accurately 
understand the main principals of electrodynamics and find correct answers 
to the following questions: 

a) what is an electric charge; 

b) what is an electric current; 

c) does an electromagnetic field act on electric charges and currents? 

For the reader to easier accept the author's answers to these questions, 
consider a very simple example from mechanics. 
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Example. Let <fi(x), — oo < x < oo, be a sufficiently smooth function, and 
0(x) = for \x\ > 1. Let us cover the graph of the function (p(x) with 
a sufficiently wide plate, and cut it along the graph of the function 4>(x). 
Then let a stretched along the x-axis homogeneous string be crimped from 
below and above by the parts of the cut plate, thus making the form of the 
string repeat the graph of the function <f)(x). Keeping everything still let 
us analyze the situation. It is clear that the deflection of the string from 
the initial condition u(x) (= 4>{x)) completely determines the state of the 
string. Nevertheless, let us introduce another useful characteristic of the 
string. Let us call it a string charge and set the density of the string charge 
to be <t(x) = d 2 u/dx 2 . It is clear that: 

1 . The density of the force with which the lower or upper part of the plate 
act on the string is proportional to the density of the string charge (in 
the theory of liner string). In particular, in the places where <r(x) = 0, 
the string can be undercut so that it would not touch the string. The 
form of the string will remain the same after such a procedure. 

2. One can consider the force with which the string acts on the plate, and 
also one can consider the force with which the plate acts on the string. 
One can as well consider forces acting inside the string, and forces 
acting inside the plate. But saying that there are forces acting on the 
string charge in the considered example is absurd. In this example the 
forces are connected with the charge, these forces and the charge are 
interconnected, they accompany one another, they cause one another, 
but no forces act on the string charge. This is impossible. 

Answers to questions a) — c). The vacuum is a physical medium. The 
classical electrodynamics should be regarded first of all as a continuous the- 
ory of this medium. The known in the electrodynamics constants £q an d 
Ho are characteristics of this medium. The fields E and B are also main 
characteristics of the state of this medium. 

According to the classical formula p = eodiv E, the author claims that the 
electric charge is only a special characteristic of the state of the vacuum- 
medium (together with the main characteristics — the vectors E and B). 

According to the classical formula j = /iQ 1 (rotB — c~ 2 E), the author 
claims that the electric current is nothing more then another special char- 
acteristic of the vacuum-medium (together with the main characteristics E 
and B, and the characteristic p). 

According to the formula f = pE + [j , B] it is accepted to think that the 
electromagnetic field exerts a force on currents and charges. The author 
claims that there is nothing of the sort. There is not a single experiment 
where one can observe an action of any force on an electric charge. And there 
is not a single experiment where one could observe an action of any force on 
electric current. There is not a single physicist who could say about what 
exactly happens when a force acts on a charge or current. In all experiments 
we only observe an action of a force on certain physical bodies. And what 
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acts on them is not the electromagnetic field but the medium, the vacuum. 
This is similar to hydromechanics where the action is exerted not by some 
characteristics of the liquid (the distribution of speed, pressure, etc.) but 
acts the liquid itself, being in a certain state. 

Physical bodies on which the vacuum acts, exert a counteraction. They 
must. In the continuous theory, where we are dealing not with forces but 
with their densities, it is necessary and sufficient to consider an interaction 
of interpenetrating mediums. The vacuum can interact simultaneously with 
two distinct mediums. This is seen from the formulas p = p + + p~, j = 
p + v + + p~v - . Existence of such mediums is due to the fact that in nature 
there exist electrons and protons that "from the birth" sit on vacuum. These 
particles need not be used in the continuous theory, similarly as in the 
hydromechanics, the formula H2O is not used. The mediums M + and M~ 
do not own the charges or currents. They only interact with the vacuum and 
induce a condition where the characteristics p and j appear. The charges 
and currents is not a cause but a consequence. The theory about flows of 
electrons, coils, magnets, capacitors, etc. is a specific part of the theory 
of electrodynamics, where we are dealing with technical means to act on 
vacuum, to control its state. By using recipes of this part of electrodynamics, 
we prepare a special medium, or the mediums M + and M~, as to exert a 
needed action on the vacuum, to get it into a needed state. This is precisely 
in this part of electrodynamics where the formulas j = p + v + + p~ v appear 
that are not included in the main equations. There are no such formulas 
in the theory of string; one can touch the string with a finger, it is more 
difficult to reach the vacuum. 

Comparing a string and vacuum, the formulas / = —pdfu + Td^u and 
f = pE + [j, B] address the same question, — the force of an external action 
on the medium (the string or vacuum). If the condition of the string, u(x,t), 
is such that / = 0, then this means that the string does not interact with 
the ambient medium, the string is free and self contained. The condition 
f = is necessary for the fields E and B describe the free vacuum. But 
since f , in the general case, is the sum of the forces f + and f , the condition 
f = does not imply that the vacuum is free. The mediums M + and 
M~ could "stretch" the vacuum in opposite directions and yield f = 0, but 
still there will be a nontrivial energy exchange between the mediums. This 
nontriviality can be eliminated by imposing the condition (E, j) = 0. 

On the basis of the preceding discussion the author claims that, if the 
fields E and B and all other possible additional characteristics of the vacuum 
condition are such that pE + [j,B] = and (E,j) = 0, then the vacuum is 
not interconnected with anything, it is free and self contained. 

Nonlinear system of equations. The system of equations 



B = -rot E, div B = 0, p = e div E, 
c- 2 E + M j = rotB, pE+[j,B]=0, (E,j) = 



(1) 
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is the system of equations of the state of the free vacuum. 

The author believes that system (|]) should replace the following system 
used in physics: 

B = -rotE, divB = 0, divE = 0, E = c 2 rot£. (2) 

First corollaries 

If the field E (stationary or not) is sufficiently smooth and vanishing at 
infinity, and the assembly {E; B = 0} is a solution of system (|l|), then 
E = 0. Indeed, system (|l|) yields, for E, the representation E = V tp and 
AipV y? = 0. Whence Ay? = and AEi = in R 3 if \Ei\ -> at infinity. 

In the same elementary way one can deduce that there do not exist sta- 
tionary or nonstationary spherically symmetric states of the vacuum, i.e. 
solutions of the form E = V e(r, t), B = V b(r, t), r 2 = x 2 + y 2 + z 2 . 

Solutions of system (0) satisfy system (|l]) . There exist solutions of system 
([!]) that are not solutions of system (0). Let us show this. 

Let ao(x, y, z) be a sufficiently smooth function on M 3 with compact sup- 
port. Denote by a = oq(x — ct,y,z) and let E = (0, cd y a, cd z a), B = 
(0, —d z a, d y a). Such E and B satisfy system ([[]) but not (||). 

Let us stress on the following properties of the solution E and B: 

1. The vectors E and B and the support of the function a® travel with 
the velocity of light along the x-axis without change. 

2. The vectors E and B are orthogonal to the direction of the travel. 

3. The characteristic p for this solution equals eoc(d 2 a + d 2 a), and, con- 
sequently, the full charge transported by the wave is zero. 

4. The total energy 6 and the total momentum P of the wave satisfy 
£ = cP. 

5. It is easy to see that, if the wave meets a similar wave with another 
direction of the travel, one observes an interaction, since there is no 
superposition for system (|l]). 

Special example. Take ao = (Ay sin cox + Bz cos ujx)x(x,y,z), where % 1S 
a sufficiently smooth function equal to zero outside of a compact set Go, and 
X = 1 in a smaller domain G±, G\ C Gq. For such ao, the solution E, B in 
the domain G\ gives a classical ellipse polarized field. 

Hypothesis. The photon, considered as a real object, is characterized in 
the classical chlectrodynamics by the fields E and B from the preceding 
construction. It is a special state of the free vacuum. The diversity of 
photons is limited by a special class of the function ao- 

Some problems 

1 . To formulate conditions on the functions ao such that the functions would 
correspond to real photons. It can happen that the special example of the 
considered ao serves as a useful remark on this question. Or this is not true. 
The author does not understand very well how an elliptically polarized wave 
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could manage to go through a stationary plate of a polaroid. At this time 
the author does not understand this phenomenon at all. 

2. The class of functions ao corresponding to real photons will be fairly 
small. It is not clear in principle whether or not it is technologically possible 
to produce artificial photons. 

3. The majority of problems in the electrical and radio technology can be 
solved by using classical theory of electromagnetic waves that dissipate at 
infinity. But as far as the real radiation is concerned, a dominating opinion 
is that everything consists of photons. System ([[]) contains both types of 
solutions, and, hence, there is a suspicion that this is what indeed happens 
in reality. 

4. Let us look for solutions of system ([!]) in the case where there is a sym- 
metry axis. 

a). Let us consider the fields as follows: 

E = V /(«), B = (-d z g(u) + V -h{u), ?-d g g{u) - -h(u), -2d s g(u) 

\s s s s 

where /(A), g(\), h(X) are certain functions of one variable, u = u(s,z), 
s = x 2 + y 2 . For such kind of field, we immediately have that rotE = 0, 
divB = 0, (E,j) = 0, and 

[j,B] = -— Ug'(u)d 2 g(u) + -g' (u)d 2 g(u) + -h(u)h'(u)) Vu. 
Ho \ s s j 

To obtain this formula, we use that d x = 2xd s , d y = 2yd s , d 2 +d 2 = 4d s (sd s ). 
As we see, the equation pE + [j,B] = in system (||) means that there is 
the following relation between the functions f,g,h, u: 

4 A/ (u) ■ /'(«) = 4sg'(u)d 2 g(u) + g'{u)d 2 z g(u) + h(u)h'(u). (3) 

Formally, each collection of functions /, g, h, u satisfying equation (||) gen- 
erates fields E and B that are solutions of system (|l]) . 

Let us set in (||) /(A) = OqA, g(\) = aX, h(X) = bX, where ao,a,b are 
constants. Equation (||) becomes the linear equation for u: 

a 2 

-%sAu = 4a 2 sd 2 u + a 2 d 2 u + b 2 u. (4) 
c z 

Formally, each solution u of equation (||) generates a solution of system (||) , 

E = ao V u, B = (— d z u H — -u, —d z u u, —2ad s ii] . In particular, the 

\ s s s s J 

function = s k (s + 2 ; 2 )- 2fe ~ 1 / 2 satisfies the equation sAuk = 4/c 2 n^, and, 

2k 

thus, the corresponding fields E( fc ) = V^, B^ = — (yuf., — xuk, 0) is a 

cs 

solution of system ([[]), however, not in the whole space. All these solutions 
{E( fc ),B( fe )}, kK 1 , have a singularity at the origin, and hence will not 
serve as states of the free vacuum. But these solutions could be of interest 
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if considered as supplementing the well known electromagnetic field of a 
stationary point charge (k = 0). 

It can happen that there are no solutions of equation (||) that are regular 
and vanishing at infinity for s + z 2 — > oo. Let us explain this. First of 
all if such solutions exist, then there would be sufficiently many of them, 
since, together with a solution u(s, z), the functions u(s, z + A), u(s, z + 
X)ip(X) dcr(X), and L(d z )u(s, z) would also be solutions, where L(d z ) is a 
linear polynomial in d z with constant coefficients. Let now u\(s,z) and 
U2(s,z) be two such solutions, and {E^B 1 } and {E 2 ,B 2 } — the corre- 
sponding electromagnetic fields. Then the superposition of these fields, 
{E,B} = {E 1 + E^B 1 + B 2 } also satisfies system (@), because {E, B} 
is generated by the solution (u\ +112) of equation (Q). As far as particles are 
concerned, it is apparent that particles 1 and 2 are noninteracting. After 
this, let us consider the electromagnetic field {E 2 ,B 2 } which is obtained by 
a translation of the field {E 2 , B 2 } in M 3 but not along the z-axis. This field 
will also be a solution of system ([!]), but it will be generated by a solution 
U2(x,y,z) of a linear equation distinct from equation (Q). As a result, the 
superposition {E 1 + E^B 1 + B 2 }, in general, will not satisfy system (|lj), 
and we get that "threaded on an axis" particles do not interact, whereas 
they become interacting in another position. It seems to the author that 
such physics is too exotic, and thus we can leave the problem of finding solu- 
tions of equation @ and again look for the functions /, g, h, u which would 
satisfy the nonlinear equation (||) and generate reasonable electromagnetic 
fields. 

b). Let a solution of system ([[]) have the form: E = (d x ^,d y ^,d z ^ + <E>), 
B = (-d y <f>,d x <f>,0), * = t>(s,z,t), * = t), s = x 2 + y 2 . 

One can check that such E and B are solutions of system (||) if ^ and 
satisfy the following system: 

d s <S>[Ac 2 d s {sd s $) - $ - d z ^] = d s ^[A^ + d g $], 

d s $[Ac 2 d z {sd s <S>) + 4s9 s *] = (6 + d z ^)[A^ + d g §]. 

Assuming that <3? and are independent of t and denoting sd s <& = g, we 
get that the pair ^, g satisfy the system 

4c 2 gd s g = sA^d s ^, ^c 2 gd z g = sA^d z ^. 

Formally, each solution g, ^ of this system generates a solution of system 
(|),E = V*, B = (-2ys- 1 g,2xs l g, 0). For example, such is the pair 
g = c~ 1 sd s 1 $> for an arbitrary but independent of z function ^. 

The author does not have a more interesting example of a pair g, ^ as 
well as a regular solution of equation (||). 

5. Talking about the interaction of photon solutions as they meet, we should 
add that there are no known formulas describing interactions between pho- 
ton solutions and a stationary electromagnetic field. Only superposition of 
the solution E = (0,cd y a,cd z a), B = (0,—d z a,d y a) and a stationary field 
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of the form E = (0, ch%, ch^), B = (hi, — /13, h%) yields again a solution of 
system (||). 



General theory. Necessity. 

Interaction between the vacuum and physical bodies in the continuous 
theory, when the force density is used, could only be interactions between 
mediums that interpenetrate each other. In the general case, we will be 
considering a medium M and a medium $ that simultaneously fill a certain 
part of space and have there, and in other part of the space, the velocities 
v^f(x, y, z, t) and v®(x, y, z, t), respectively. Let there be a force interaction 
between the mediums. Let f~f be the force density with which the medium 
M acts on the medium <3?, and let /* be the force density with which the 
medium <I> acts on M. There is no relation f£f = — /* in the relativistic 
theory. It is replaced by a more complicated formula obtained by switching 
from the densities f£f, /* to the corresponding four dimensional force den- 
sities. The author did not succeed in obtaining a unique transition, hence 
in the sequel we give two versions of all main formulas. The reason for this 
is that, in every point where f£f and /* are not equal to zero, there are two 
velocities v^f and u*, instead of one, that makes the forth component of the 
four dimensional force density. It turns out that each one of these velocities 
is capable to control the forth component of the 4-density of either force. 

To make it less confusing, we preserve the notations f£f and /* for the 
first version, and assume that the corresponding 4-densities , /* are of 
the form ^fpvff} and {/*, j/guf }<Q For the second version, g*f and 

will denote the force densities exerting by M onto $ and <3? onto M, and 
the corresponding densities gjf and gf are of the form {g^f , ^g¥vg} and 

The formulas connecting fff and /* (gjf and gf). Denote by V^ 1 and 
V fc * the 4-velocities (fields) of the mediums M and i.e. V^ 1 = j M v a 4 , 

V® = 7*^*! ct = 1,2,3, = icy M , V 4 * = ic7*. Denote by v a (x,y, z,t) 
such a velocity in the initial inertial reference frame (IRF) for the new IRF' 
such that the mediums M and <3? would have the velocities (v^f)' = 
at a point (x,y,z,t)' in this new IRF'. Such v a is defined by the formula 

v a = ( 7 M + 7^)~ 1 (V a M + Va), the corresponding 4-velocity V ^ will be 
(jv a ,icy) with 7 = ( 7 M + 7 *)(2 + 2 7 M 7 * - 2 7 M 7*c- 2 ^^)- 1 /2. It is 
natural to think that IRF' have the property that observed forces that act 
and counteract between the mediums at this very point (x, y, z, t)' differ by 



1 Here and in the sequel, the main 4-vector is (3:1,3:2, 2:3)2:4) = (x,y,z,ict) and the 
4-velocity is 14 = (~fv a ,icrf), d k = d/dx k - 
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the sign, i.e. 

{&)' = -[£)', (&)' = -&)', « = 1.2,3, 

(h M y = (fir, o?f y = o/f )'. 

We should also add that all the densities with and without prime are con- 
nected by the Lorenz transformation defined by the velocity v a . All this 
leads to the following formulas for the initial IRF (k, m = 1, . . . , 4): 

_2 .*,<>. °„ 
c 2 



/* = "A" " ^fnVmVk, f^V k = f*V k , (5) 



»* = -^-4fm^*. 9kV k = 9tV k . (6) 
A boring derivation of these formulas are left to the reader. 

The medium energy-momentum tensors. The interacting mediums M 
and have some domain G = Gm H G$ C M 3 of their mutual existence as 
well as regions in M 3 where they exist by themselves. This fact suggests that 
one must define the energy and write its conservation law separately for each 
medium counting the energy exchange and the energy transformation from 
one form into another. We thus assume that the variables f± and /* (or g A 
and gf) together determine the energy of both the energy of the medium M 
and the energy of the medium and the conservation laws have the form: 

W M + divS M = -kMf?v? + k*fiv2 t (7) 

W* + divS* = -k*f*v* + k M fjfv%, (8) 

or 

W +divS M = -Kngvt + Ktgtv?, (9) 

W* + divS* = -K*g*vjf + K Mg ffv%. (10) 

Here W M , (or W M , W*) are energy densities in M and S M , S* 
(or S AI , S*) are energy fluxes, if the forces f£f , /* (or g^f, g®) operate. 
The parameters ku , k$, km, k$ control the energy exchange between the 
mediums, i.e. these parameters make a quantitative characteristic of the 
pair of mediums. We assume that they are all positive and ku + k§ = 
km + = 1. The case where /cm = k§ (km = correspond to a 
symmetric interaction between the mediums M and Note that each of 
the equations (0) — (pX| ) is considered in its own domain (Gm or 

Starting with formulas (0) — ( |Io|) and using the 4-vectors and we 
introduce the tensors rjjf , rf kJ f^jf , f * such that the following equations hold 
(in the corresponding domains): 

d k T% = k M f t M ~ a fc r| = %/f - fc M /f , (11), (12) 

dfcf^f = kmA M - «$pf , dfcfj* = «$fff - <«Mft M . (13), (14) 

The signs in these equations are put in such a way that t£[, rf A , f^f, ff A 
could serve in equations @ — ( |l0| ) as energy densities, and the vectors icr^, 
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icrf a , icf^,, icff a — the energy fluxes. The tensors defined by equations 
(0) — (14) could be called energy-momentum tensors for the mediums M 
and <I\ Also the vectors ic~ l T^{, fc _1 r* 4 , zc -1 ?^, ic _1 f* 4 will be impulse 
densities for the mediums M and <£. 

If one of the parameters /cm, k$, km, k$ equals or 1, then this is a case of 
a limiting nonsymmetrical interaction between the mediums. In particular, 
if ku = 1 and /c<j> = 0, we get from (11), (12) that 

dk^V™ = 0, dt&V? = o. 

The first of these conditions appears, for example, in relativistic hydrody- 
namics. There V^"' 1 is a field of 4-velocities of the liquid, and the tensor 
tM is the energy-momentum tensor of the liquid itself that interacts with 
the so-called mass- forces (a one more phantom). The second condition is 
fundamental in electrodynamics. There r* is the Poynting's energy-impulse 
tensor which characterizes the state of the vacuum, V^' 1 is not a 4-velocity 
of the vacuum but that of the medium M interacting with the vacuum 
Existence in physics of these two very different formulas on a similar subject 
lead the author to an understanding that, in the general theory of interact- 
ing mediums, there must appear special control parameters /cm, km, k$. 
It is clear that the energy states of both mediums could influence to a great 
extend the process of energy exchange between the mediums, and, hence, 
the scalars /cm, k§, km, in general, are not constants but, for example, 
if a process is considered in a small volume and for a short period of time, 
could be regarded as such. 

By using equations (0) — (14) one can obtain a series of other equations 
eliminating some density from (0) — (14) by using formulas (|5|), ©• In 
particular, we have 

dkT? k = -fi - k^—f^VmVi, df ik = gf + n M —g%VmVi. 

c c (15) 



A more complicated interaction of mediums. A more complicated 
scheme of interactions will be used to consider electromagnetic phenomena. 
At this point we leave out the question on whether an electron is a free state 
of the vacuum. Our goal is to obtain analogues of formulas ( |T5| ) for three 
mediums Ml, M2 and $ which simultaneously occupy the same region in 
space G = G\ n G2 H G§. This means that we have at our disposal the 
velocities v 1 , v 2 , v* and force densities f 12 , f 21 , f 1 *, f* 1 , f 2 *, f* 2 , where 
f 12 is the force density with which the medium Ml acts on the medium 
M2, etc. Passing to 4-densities we again obtain 2 versions of them: /^ 2 , 
fl\ A* 1 , 1^, Sr, and gf, gf, gf, g*\ gf 2 , gf. Also the forces of 
action and counteraction are connected by formulas similar to (||), (||). For 
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example, 

2 o i* o i* ol$ o i* 

fk = ~fk 2 /m V m V k i fk ^k = fk V k > (16) 

O o 1* o 1* o 1* o 1* 

# = -ok* - jn£v m v h , gj*v k = gt 1 v k , (17) 

ol* 0*1 

where the 4- velocity V k = V k is determined by using the well known 
procedure applied to the pair of velocities v 1 , v*. 

There is an exchange of energies in the mediums Ml, M2, Let W 1 , 
W 2 , be energy densities of the mediums Ml, M2, <I>, and S 1 , S 2 , 
S* be flux of these energies. The the most simple equations that could 
control the energy exchange between the mediums are the following natural 
generalizations of (|7|), (||): 

M^ + divS 1 = -k^f ^v 1 + fc $1 f $1 v* - k 12 f 1 \ 1 + k 21 f 21 v 2 , (18) 

W^ + divS 2 = -fc 2<I ,f 2 *v 2 + A ;$2 f* 2 v*-fc 21 f 21 v 2 + A; 12 f 12 v 1 , (19) 

+ div S* = -fe$if $1 v* + fci*f 1( V - fc $2 f $2 v* + /fc 2 $f 2,I> v 2 ,(20) 

and analogous three equations, corresponding to (^), (|i~0|) with the forces g 
and constants n a p. Similarly to the case of two mediums, all the coefficients 
now are in pairs in the sense that = 1, k$ 2 +k 2 $ = 1, ki$+k<j>i = 1, 

K 2 $ + K$ 2 = 1, ki2 + &21 = 1, + K 2 \ = 1. 

The three formulas we gave, dig), (|l~9|), (p0|), and the other three formulas 
can be used to introduce the tensors rf k , t^, r*, f^, f 2 fc , f 4 * relating them 
to the 4-densities f k and g k . As an example we give two such equations 
that correspond to equations (11) and (14): 

d k rg = k^fi 1 - k l9 ft* + fc* 2 /* 2 - Wf, (21) 

n ~<E> $1 1$ , $2 2<E> /or>\ 

"fc^fc = K$l5fc - ^9k + K $29k ~ ^2<S>9k ■ ( 22 ) 

Each of the tensors r^, ff k could be called an energy- momentum tensor of 
the medium $. Let us replace in (21), (22) f k l and f k 2 by using formulas 
( |j~6| ) , and g k and g k — according to (|17|) . In addition also assume that the 
interactions between the medium <3? and the mediums Ml and M2 are the 
same: = /c<j> 2 = fc$, = fc 2 $ = fc/vf, K $i = K $2 = K i$ = K 2* = K M- 
All this leads to the following generalization of formulas (15): 

c 2 

o H $1 o *2 o $2 

^| = ( 5 f 1 + 5 f 2 ) + KM ^(5* 1 ^^ + )• (24) 

A look at electrodynamics. We start with the formulas p = p + + p~ , 
p + > 0, p~ < 0, j = p + v + + p~v _ which allow to state that the vacuum <3? 
interacts with a medium Ml that has velocity v = v + , and with a medium 
M2 that has velocity v 2 = v~. We now take the representation of the 
Lorentz 4-force f k = F+ + F k , F± = {p±E + ^[v^B], *p*(E, v ± )}, and 



dkrg = -(f^ + fn-^-(CV m V l +CV m V t ), (23) 
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address the question on what the 4-forces F^ and F^ are and what is their 
place in the theory of interaction of mediums? Comparing F£ and F^ with 
the 4- vectors f^, /|*, gj,®, etc. we come to the conclusion that there are 
two answers to the posed question: a) F^ = g* 1 , F^ = g® 2 , b) —F£ = 
— FjT = /|*. The answer a) reiterates the well established notion of f, the 
answer b) is new, and the author sees no reasons why the answer a) is more 
preferable. One also must retain both formulas (23) and (|24| ) which now 
become: 

/ l*ol* o2$o2*\ 

d k rg = {F+ + F-) + ks,2c- 2 [F+V m V i +F~V m V l j, 

dkfg = (F l + + F-) + ^2c- 2 {F+V m V l +F-V m V i j. ^ 

Let us compare these two formulas with the equation for the energy-momentum 
tensor in electrodynamics: dkXik = F^~ + F~. Since now all tensors (T^, 
Tiki T ik) are responsible for the distribution and flow of energy, as well as for 
the momentum of the same medium <3?, one can make 2 different claims: 

1. In an interaction with the mediums Ml and M2, the vacuum shows 
its limit properties by having the characteristics k$ and k<j> equal to zero. 
An equation for EMT of the vacuum is the well known equation d^T^ = 

2. The characteristics fc$ and K m of an interaction of the vacuum and medi- 
ums Ml and M2 are not zero but sufficiently small, and a right equation 
for EMT of the vacuum is equation fl2q ) with k§ ^ 0. 

It is clear that, for k§ ^ 0, the tensors r 4 * and will give a different 
picture of distributions of the flux of energy and momentum in the vacuum. 
And if a measurement will have a sufficient precision to make formula ( p5| ) 

more preferable, then there will appear the quantity fc$2c 2 (F^V m V { + 

2$ 2* 

F^nY m V i )j an d together with this, the mysterious velocity v* included in 

ol* o2* 

the structure of V i and V { will also be discovered. 
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